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ABSTRACT 
Fifteen forest-workers with allergic eczematous contact dermabti were found to be 
allergic to Frullania, a genus of liverworts. Five of the e patients, so te ted, aL o hawed 
positive patch test reactions to Compositae species. Sesquiterpene lactone were shown 
to be the common denominators of such dermatiti . The patient reacted to a number of 
these compounds that differed in their skeleton and functional groups. Th most active 
compound found wa~ alantolactone. The irnmunochemical requisite of the molecular 
structure of these compounds appeared to be the presence of a carbon-carbon double 
bond conjugated with the lactone group. 
In an investigation of some sensitizing agents 
for workers in the forest industries of British 
Columbia, we have observed 15 cases of al-
lergic contact dermatitis from Frullania, a genus 
of llYenrorts. even of these cases have been 
reported (1). In five patients so tested, positive 
patch test reactions have also been obtained 
from some species of the tribes Heliantheae 
and Anthemidae of the Compositae family. 
Species in these and other tribes of the Com-
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positae have been reported to cause allergic 
contact dermatitis (2). 
Investigation of Frullania nisqualensis for its 
allergenic fractions indicates that sesquiterpene 
lactones are probably the common denominators 
of allergic contact sensitization by Frullania 
and by some species of Compositae. 
MATERIALS AND METHODS 
1. Patch-testing. Portions of the plant body of 
Fru.llania n~ quallensis (Fig. 1) wer used for 
patch testing. Patches were removed at 24 hours; 
reactions were read at 24, 48 hours, 5 and 14 days 
and scored by the method of Witten and Shair (3). 
Plant oleoresins were obtained from Hollister-
Steir Laboratories, pokane. Wash. Twenty-four 
hour closed patch tests were carried out on the 
skin of the back or outer upper arm using patch 
t st pla ters No. 71, Duke Laboratorie Inc., 'outh 
Korwalk, Conn. 
Patch testing with chemicals was carried out 
with 80 % aqueous ethyl alcohol solutions, unle s 
otherwise indicated, using approximately 30 ,ul of 
the solution . The chemicals te ted were without 
primary irritant effect in tl1e concentrations used. 
, orne other species of Frullania were donated 
by Dr. P. L. Redfearn, Southwest Missouri tate 
College, Springfield, Mo. 
2. Chemicals. Arbu culin B (II, Table II) , (IV) , 
arbusculin A (V), cumambrin B (XI), cumambrin 
A (XII) , formylcumambrin B (XIII), tetrahydro-
cumambrin B (XIV) , dihydrocumambrin B (XV) , 
coronopilin (XVI) and ambro. in (XVII) were 
kindly donated by Professor T. A. Gei sman, De-
partment of Chemistry, University of California at 
Los Angeles. A sample of Compound I (Table II) 
was kindly donated by Professor G. Ourisson, De-
partment of Chemistry, Univer ity of Strasbourg. 
Santonin (VI) and a mixture of alantolactone 
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lqa . 1. F'rullania nisquallensis. X 190 . 
(VII) and isoalantolactone (VIII) (commercial 
name helenin) were obtained from Sigma Chemi-
cal Co ., , t . Louis. Mo. To separate the last two 
lactoncs, a mixture was run on a column of silica-
o·el containing 10% of AgN03 with ether-petroleum 
tbe r ( 15-85 ) as eluant. Each sub tance was then 
recrystalliz d from petroleum ether. 
T trah~rdroalantolactone (IX) was obtained 
from alantolactone (VII) by catalytic hydrogena-
tion. Dih.vdroalantolactone (X) and dihydroarbus-
culin B (Ill) w re prepared respectively from 
alantolacton (VII) and arbusculin B (II) by re-
du t ion wi th nBH4 in ethyl acetate. 
3. I olation of allm·gens from Frullania nisqual-
lensis. 500 gm dr weight of Fmllania nisquallensis 
were ollect d in forest areas of British Columbia. 
The plant material was ground up and extracted 
veral tim with ethyl tber. Chromatography of 
the th r extract wa carried out with silica-gel 
as ad orb n t . ev ral runs with various concentra-
tions of eth r in petroleum ether as eluant were 
p rform d and final purification was achieved by 
fractional sublimation. Two active substances were 
isolated. Their behaviour after thin-layer chroma-
tography (TLC) with ethyl acetate-cyclohexane 
(10/ 90) as eluant has been compared with that of 
arbusculin B and alantolactone and is as follows: 
Not yet identified: Rt = 0.32; Compound I: 
Rt = 0.25; Arbusculin B (II): Rt = 0.37; Alanto-
lactone (VII): Rt = 022. When the TLC plates 
were sprayed with a mixture of H20-H2S04 (50/50) 
and then heated at 200° C for 2 minutes, a deep 
blue colour appeared at the level of compounds I 
and II which are diastereoisomers. This is a 
sensitive test for the detection of these two 
compounds. 
CASE REPORTS 
(I) A white male retired electrician and 
active gardener, aged 77 years, had recurrent 
dermatitis for 40 years. Fifteen years pre-
viously, persistent dermatitis appeared. The· 
eruption was confined to the exposed skin sur-
faces except during the summers when it be-
came partially generalized. Six years pre-
viously, he was found allergic to chrysanthe-
mums and he subsequently avoided contact 
with these plants. Strong positiYe patch test 
responses were observed following application 
to the skin of Frullania plant (as is) and ex-
tracts of chrysanthemum. Both clinically and 
by photo-testing, there was evidence of photo-
sensitivity and he was also an atopic individ-
ual. (A fuller report of this patient has been 
presented in Ref. 4.) 
(2) A white male retired air-craft fitter 
and active gardener, aged 82 years, showed 
dermatitis of t he exposed skin surfaces. Ad-
mi sion to hospital was required yearly dur-
ing the summer and early fall from 1957-1967. 
Five ~·ea rs previously he was found allergic 
to chrysanthemums and he sub~equentl~· 
avoided contact with these plants . During the 
winter, t he dermatitis improved markedly but 
did not entirely clear. ClinicallY and by photo-
te ting there was evidence of photosensitivity. 
(3) A white male logger, aged 55 years, had 
noted attacks of dermatitis affectinO' the hands 
and fo rearms during work in forest areas for 
15 years. The dermatitis appeared within two 
days of sta.rting work, was more severe in wet 
weather, and cleared during three week after 
leaving work. He was unaffected while at home. 
There wa no clinical evidence of photosensi-
ivity. He had no known contact with chrys-
anthemum. 
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(4) A white male logger, aged 64 years, had 
recurrent dermatitis of the exposed skin sur-
faces for 45 years. For 40 years, the derma-
titis occurred only during work in forest area ; 
in the five years after he retired from the 
forest industry, dermatitis appeared during 
July to October when he was at home. He 
became a chrysanthemum fancier after re-
tirement and was of the opinion that he was 
allergic to some plant in the woods which he 
could not identify, and to chrysanthemums. 
This was correct, as it turned out. Patch test 
reactions to certain plants in his case are 
shown in Fig. 2. 
(5) A white male physician, aged 46 years, 
became sen itized to Frullania in the fall of 
196 while patch testing himself with some 
extracts of this plant. There has been no sig-
nificant evidence, to date of clinical dermatitis 
or of photosensitivity. 
RESULTS 
No primary irritation resulted from applica-
tion of the Fnillania plant to the kin of 30 
apparently normal individuals. In the five 
ca es described here, positive patch test re-
actions were observed following application of 
the plant for 24 hours. It was not necessary to 
1bruise' or injure the plant body. Positive re-
actions were observed on removal of the 
patches at 24 hours. Such reactions reached a 
height of intensity in 1 to 5 days and per-
sisted for up to 30 days, occasionally for as 
long as two months. In addition, a localized 
urticarial reaction usually appeared in Case 
1, occasionally in Case 4, and lasted a day. 
In earlier tests, we applied a larger sample 
of the plant and observed phenomenon of 
a 
1 pre sure patch test" described by Epstein 
and Kbgman (5). The application of several 
layers of the plant body under tape produced a 
~light indentation of the skin. On removal of 
the patch at 24 hours, only this indentation 
and some local erythema were visible. Within 
an hour, the erythema became brighter and 
oedema of the skin appeared; exudation ap-
peared later. The intensity of dermatitis pro-
duced by patch test challenge Vi ith Frullania 
plant was comparable with the highest that we 
have observed with any chemical. A regular 
feature of the dermatitis was that it became 
FIG. 2. Patch test reactions in Case 2, 13 days 
after removal of patches: tansy, gaillardia, shasta 
dais~· 1/ 10 Y/ Y; fal e ragweed, short ragweed, 
sneezeweed, wild feverfew 1/ 20 v/v, in acetone. 
8 days after removal of patches: pyrethrum 10% 
in petrolatum; foxtail grass, wormwood, yarrow, 
marshelder, dog fennel, black-eyed susan, cockle-
bur 1/ 10 v / v in acetone; poison ivy 1/ 50 v /v in 
acetone. Readings made at 48 hours viz. 24 hours 
after removal of the patches are scored in Table I. 
more inten e during the fe'.v day following 
removal of the patch at 24 hours and that, 
when it occurred, e:Alldation was copious. In 
Cases 1 and 4, a flare-up of clinical dermatitis 
occurred after patch testing. 
Some ob ervations were made on the dura-
tion of application of the plant required to 
produce a dermatitis. In three other patients, 
not ot herwi ... e reported here, Frullania plant was 
applied to the skin under Blenderm® surgical 
tape. \¥hen a minimal erythema appeared, the 
tape was removed together with the plant. 
The minimal erythema time averaged 80 min-
utes in one patient, somewhat longer in the 
other two. Dermatitis appeared over night 
at the test sites, usually with exudation, and 
the patch dermatitis persisted for several 
weeks. 
236 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
TABLE I 
Patch test results in Cases 1-5. (48 hours readings scored by the method of Witten and Sha~·r (3 )) 
Botanical name Common name 
Family: ('ompo sitae 
Tribe: Anthemidae 
Achillae lanulosa Yarrow 
Anthemis cotula Dog Fennel 
Artemisia ab. inthium Wormwood 
hrysanthernum spp. Wild feverfew 
occmeum Pyrethrum 
. maxtmum 'ha ta daisy 
C. parthenium Feverfew 
hrysanthemum x-mori - Chrysan themurn 
folium of flori ·ts 
Franseria aranthicarpa False ragweeu 
Tanaeetum vulgare Tansy 
Tribe : Heliantheae 
Ambro. ia art,emesifolia Short ragweed 
Gaillardia Gaillardia 
Helcnium aut.umnale Hneezeweed 
Iva. xftnthifola Burweed marsh 
elder 
l .udbeekia hi rt a Black-eyed s usan 
~' anthium eomrnutte Cocklebur 
Tribe : lnul a 
Inula helenium Alantolactone 
Fam i ly: FTtdlanac eac 
Fntll~tnia nisquallcnsis Liverwort 
AlantqJactone (VII) produced positive patch 
t st reaction in all five patients (Table I). 
1 atch test were al o carried out with ex-
tra is of .. :pecies of Compo itae. The result.N 
ar hown in Table II. orne patch test re-
action in Cn e 1 arc hovm in Fig. 5. Dr. A. 
l{. Roy R crina, a katchewan carried out 
patch t t with Frullania nisquallensis applied 
'a i ' in five pati nts who presented the 
clinical featur of ragweek oil contact der-
rnatiti and who bowed positive reactions to 
r crw d 'oleore in'. Positive reactions w re 
ob er d in only two of the five cases. 
ne patient was patch tested with 12 
F1-ullania species (as is) obtained b Dr. 
R df rn from various geocrraphic areas. Posi-
iYe r action were ob er ed to 11 of the 12 
te ted (Table III) . 
rn hod of Dani ls (6) Frullania 
Patch test results 
Patient 
Vehicle %v/ v 
1 2 3 4 5 
---- ----
acetone 10 4 0 0 3 2 
acetone 10 3 3 0 1 0 
acetone 10 0 2 0 2 0· 
acetone 5 0 2 0 4 (} 
petrolatum 10 3 0 0 0 (} 
acetone 10 0 0 0 0 (} 
acetone 5 3 ..j. 3 3 4 
a.eetone 10 4 1 0 4 0 
I 
aee tone 
I 
5 2 3 0 4 0 
acetone 10 3 -l ..j. -l 2 
acetone 5 3 2 0 -+ 0 
acetolle 10 2 1 0 2 1 
acetone 10 
I 
-J. 0 0 4 1 
aectune I 10 3 3 1 2 0 
acetone 10 0 I 0 0 0 0 
acetone 10 3 2 0 3 0 
ethyl alcohol 0.2 3 2 1 4 I -± 
oc;o aque-
ous 
as If' I 4 I 1 -J. 2 3 
and alantolactone did not exhibit psoralen-
type ph ototoxicity. 
!11 vestigation of Frullania ni quallemis for 
allergenic activity. Frullania nisquallensis, the 
mo:-;t abundant of the even pecie:::: of Frul-
lcmia found in Briti h Columbia, ·w-rt ~ used for 
chemical analysis. Progress in isolat ion and 
purification of the active fraction was checked 
b) patch testing of three patients whose cases 
(1, 4 and 5) are reported above. 
As a first approach, we assayed solubility, 
polarity and Yolatility of the chemicals in-
volYed. ~ 1l three patients were found reactive 
to organic olvent e}..'tracts of the plant ma-
terial and especially to ethereal eA'tracL, when 
the ether e~'tract was examined by TLC with 
ilica-gel a ad orbent, the allergenic activity 
wa pre ent in a narrow chromatographic band 
of low polarity. team distillate of this chro-
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TABLE II 
Patch test reactions to chemicals derived from Frullania and Compositoe 
Vehicle 80% Patch test results 
Class Number Tame ethy I alcohol 
Case 
Con centra-
tion (mg/ ml) 1 2 3 4 5 
---- ------
Eudesmanolides I Not yet named 250 2 3 4 
(santonin-type) II Arbusculin-B 200 2 3 3 
III Dihydroarbusculin-B 400 0 0 0 
IV Not yet named 400 4 3 4 
v Arbusculin-A 200 2 3 3 
VI a-Santonin 1000 0 0 0 
Eudesmanolides VII Alantolactone 80 3 2 1 4 4 
(AJ antol actone- VIII Isoal antol actone 200 0 0 0 1* 
type IX Tetrahydroalantol act one 400 0 ,. 0 0 
X Dihydroal an to! actone 400 0 0 0 
Guaianolides XI Cumambrin B 400 3 2 0 
XII Cumambri n A -100 3 1 0 
XIII Form~r l cumambrin B 400 4 2 0 
XI\ T et.rahydrocumambrin B 400 0 0 0 
XV Dihydrocumambrin B 400 0 0 0 
Pseudoguai anoli des XYI Coronopilin 
XVII Ambrosin 
* Dela~·ed. 
matographic fraction yielded an oil to which 
all patients showed trong positive patch test 
reaction . These data suggested that the al-
lergens might be terpenoids. Gas-liquid chro-
matography of the team-distilled oil revealed 
the presence of several peaks necessitating 
fu rther purification. The allergenic actiYity 
wa finally attributed to two compounds. One 
is pre13ent in small amounts and has not yet 
been identified. The second has been identified 
a Compound I (Table I), a sesquiterpene lac-
tone \vhich is the same compound as that re-
cently isolated from Frullania tamarisci by 
Ouri:-<:-:on et al. (7) in Strasbouro-. B? our 
method of isolation and purification 500 a of 
dried Frullania plant yielded about 20 mg of 
Compound I. 
Allergenic properties of various sesquiterpene 
lactones from Compositae . Sesquiterpene lac-
tone are commonly found in Compositae (8, 
9) but only occur to a small extent out~ide 
this famil~· of flowering plants Vl e speculated 
that the allergenic properties of compound I 
\vere perhaps shared by some other sesquiter-
pene lactones and that this would provide a 
reasonable explanation for the sensitivity to 
Frullania and chrysanthemum observed m 
400 2 0 1 
400 3 0 0 
TABLE III 
Patrh test reaction to variou. species of Frullania 
plant applied 'as is in Case 5 . Patches were 1·e-
rnoved at 20 hou.r, and 1·eactions scored al48 hours 
Specie. 
Frullania asagrayana 
Mont. 
F. ripari a Hamp . 
F. sq uarrosa ( H .Bl. and 
N .) Dum. 
F. dilatata (L. ) Dum. 
F. nisqnallensis Sull . 
F. tamar isc i (L .) Uum. 
F. kunzei Lehm and 
Lindenb. 
F. eboracensi C:ot tsche 
F. franciscana Howe 
F. inftata Gottsche 
F. bol a n deri A us t. 
F. usamiensis Steph. 
Source 
Arkansas 
Missouri 
Arkansas 
Finl and 
California 
Denmark 
Missouri 
MichigaH 
Port land 
Missouri 
Michigan 
J apan 
Patch 
test 
resu lts 
4 
4 
0 
3 
4 
4 
3 
2 
4 
4 
2 
2 
Cases 1, 2 and 4. Thus, three patients were 
tested with various sesquiterpene lactone 
which had been isolated from members of the 
Compositae by Professor T. A. Geissman and 
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.OH 
VII 
I ···OCHO 
XIII 
0 0 VIII 
II 
0 XIV 
IX 0 
& 
III PH 
X 
····OH 
X\" 
IV 
XI 
XYI 
v 
0 
····OAc 
XII XYII 
VI 
FIG. 3. Molecular structures of compounds named in Table II 
which were kindly donated by him. The re-
sult ~ ar ummarized in Table II and Fig. 3. 
DI C IO 
Th · r ult pr nt d m Table II indicate 
th t h all rrr nic properti of Compound I 
ar bar d by oth r quiterpene lactone be-
amonrr th 17 la tone te ted 10 rra e 
p 1 1 r a ion . The mo t allergenic lactone 
found o far i not Compound I which is 
r ent in F1·ullania nisquaUensis and Frullania 
tamarisci, but alantolactone (VII), the oldest 
known sesquiterpene lactone. Its allergenic 
properties do not appear to have been re-
ported previously. 0.6 p.g of this compound 
applied to the skin of some patients by patch 
test was sufficient to produce a positive re-
sponse within 12-24 hours. 
The eudesmanolide class of lactones, both 
of the santonin type and of the alantolactone 
type, i of particular interest. These lactone~ 
produced positive patch test responses in all 
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three patients. On the contrary, the lactones of 
the gujanolide and pseudoguianolide classes 
which were tested produced positive patch test 
responses in only one or two of the three 
patients. They were also less active at higher 
·concentrations. 
It i- thought that haptens are probably bound 
to one or more proteins and, consequently, 
there may be some consistent structural re-
·quirement for the allergenic activity of these 
lactones. The active compounds noted above 
are repre~ entecl in different classes and it may 
be obserYecl that a specific skeleton is not a 
ba ic requirement for allergenic activity. Within 
ench clas._, "·e selected lactones differing in 
only orne simple functional group, such as an 
additional h~·droxyl group, acetylation or 
formylation of a hydroxyl group, addition of 
nn exoc~·clic or endocyclic carbon-carbon 
double bond, migration of a double bond, hy-
drogenation of one or two double bonds. For 
instance, compare (I) with (II), (Ill), (IV) 
and (Y ) : (VII) with (VIII), (IX) and (X) ; 
(XI) with (XII), (XIII), (XIV) and (XV) ; 
(XVI) with (XVII) . 
\Ve found only one common structural re-
quirement, viz., the presence of a conjugated 
lactone group. When the exocyclic carbon-
carbon double bond conjugated with the 
carbonyl is reduced, there is a loss of aller-
genic actiYity; compare (II) with (III), (VII) 
\rith (IX) and (X), (XI) with (XIV) and 
(XV). However, the molecules possessing 
such a conjugated lactone are not all active: 
~ ee (YIII). 1 ~or does the stereochemistry at 
the ]eYel of the attachment of the lactone 
ring seem invoh·ed; compare (I), (VII), 
(XYI) , (~"Til) having an f3, f3 attachment 
with (II l, (IV), (V), (XI), (XII), (XIII) 
haYing an (\', f3 attachment. 
Evidently, some sesquiterpene lactones are 
probably the common denominators of allergic 
contact dermatitis from FruUania and Com-
positae pecies. More experiments are neces-
sary to determine the exact structural require-
ments of such molecules. It appears that a 
conjugated carbon-carbon double bond is 
involved. This suggests that terpenoids other 
than lac tones may play a similar role. We have 
already found evidence to support this hy-
pothesis. Analysis of a Chrysanthemum species 
gave a volatile fraction which behaved on TLC 
like a hydrocarbon and to which patients re-
acted strongly. The identification of the al-
lergens involved require further study. 
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